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SPECIFICATION 

Fish School Detecting Method and Apparatus 

Background of the Invention 
The present Invention relates to a method or an 
5 . apparatus for detecting fish schools of, for example, 
a bonito, a yellow-tail, a hair-tail, a sardine, a 
mackeral or a tuna moving close to the surface of 
the water. The fish schools of these kinds are 
detected by locating a bird or birds such as a sea 
1 0 swallow or a booby gannet etc., flying thereover. 
The method or apparatus radiates radio search 
signals, successively in different azimuthal 
directions within a wide angular range, receives an 
echo signal reflected by a bird or birds, and displays 

1 5 the received echo signals on the screen of an 

indicator, thereby locating the bird or birds and 
detecting a fish under the bird or birds. 

A prior art method has used a pair of binoculars to 
find the birds. The prior method has presented the 
20 following disadvantages: 

(1 ) The detectability to find the birds by the use of 
a pair of binoculars is limited to within the range of 6 
or 7 miles, even under the most favourable weather 
conditions. 

2 5 (2) The birds can not be found under a rainy 

weather, in a dark environment or in a dense fog. 
(3) Close collaboration is required between the 
^ observer of the birds and a ship operator, when the 
birds found are followed. 
30 (4) When a plurality of groups of the birds are 
found, the judgement to follow which group of the 
birds first is difficult to be made, since the range to 
the discovered birds from the ship can not be 
accurately measured. 

35 Summary of the Invention 

Accordingly, an object of the present invention is 
to provide a fish school detecting method or 
apparatus which is capable of solving all the 
problems mentioned above. 

40 Another object of the invention is to provide a 
method or an apparatus for detecting a fish school, 
which radiates radio search signals of a carrier 
frequency in the S-band frequency range 
successively in different azimuthal directions within 

45 a wide angular range, receives an echo signal of the 
frequency reflected by a bire or birds, and displays 
the received echo signal on the screen of an 
indicator, thereby locating the bird or birds, and 
detecting a fish school under the bird or birds. 

50 Another object of the invention is to provide a 
method or an apparatus for detecting a fish school, 
which radiates radio search signals of a carrier 
frequency in the S-band frequency range 
successively in different azimuthal directions within 

5P a wide angular range, receives an echo signal of the 
frequency reflected by a bird or birds, stores in a 
memory unit the echo signals received during a 
plurality of rotatipns of the antenna, and displays 
the track of at least a bird on the screen of an 

60 indicator, thereby easily perceiving'the bird clearly 
distinguished from the other objects to locate the 
bird and detecting a fish school under the bird. 
Another object of the invention is to provide a 



method or an apparatus for detecting a fish school, 

66 which radiates radio search signals of a carrier 
frequency in the S-band frequency range 
successively in different azimuthal directions within 
a wide angular range, receives an echo signal of the 
frequency reflected by a bird or birds, accentuating 

70 the weak echo signal based on the echo signals 
received during a plurality of rotations of the . 
antenna, and displays the stressed echo signal on 
the screen of an indicator, thereby easily 
distinguishing at least the bird from the other 

75 objects to locate the bird and detecting a fish school 
under the bird. 

Another object of the invention is to provide a 
method or an apparatus for detecting a fish school, 
which has two independent antennas, radiate radio 

80 search signals of a carrier frequency in the S-band 
frequency range from one antenna and search 
signals of another carrier frequency in the X-band 
frequency range from the other antenna 
respectively in different azimuthal directions within 

85 a wide angular range, receives echo signals of the 
two different carrier frequencies respectively by the 
two independent antennas, and displays the echo 
signals reflected by a bird or birds in a color 
different from other colors representing echo 

90 signals reflected by other objects, so that the bird or 
birds are clearly distinguished from the other 
objects and thus a fish school thereunder is easily 
detected. 

Further object of the invention is to provide a an 
95 apparatus for detecting a fish school, which 

employs an antenna having an improved directional 
characteristics and reduced in size. 

According to one aspect of the invention, a fish 
school detecting method comprises (i) radiating 

1 00 search signals with their carrier frequency being in 
the S-band frequency range from an antenna, 
* successively in different azimuthal directions within 
a wide angular range, (ii) receiving an echo signal 
reflected by a bird, (iii) processing echo signals 

1 05 received during a plurality of rotations of the 

antenna so that the echo signals reflected by the 
. bird are emphasized, and (iv) displaying the 
resultant processed signals, thereby locating the 
bird and detecting a fish school under the bird. 

1 1 0 According to another aspect of the invention, a 
fish school detecting apparatus comprises (i) 
transmitting means for radiating search signals of a 
carrier frequency in the S-band frequency range, 
successively in different azimuthal directions within 

115a wide angular range, (ii) receiving means for 
receiving an echo signal reflected by a bird, (iii) 
processing means for processing echo signals 
received during a plurality of rotations of the 
antenna, so that the echo signals reflected by the 

1 20 bird are emphasized, and (iv) an indicator for 

displaying the resultant processed signals on the 
screen thereof, thereby locating the bird and 
detecting a fish school under the bird. 



Brief Description of the Drawings 
125 In the drawings: 

Fig. 1 shows a schematic block diagram of an 



2 



GB 2 191 055 A 2 



embodimentof a fish detecting apparatus according 
to the present invention, 

Fig. 2 shows waveforms for explaining the 
operation of the fish detecting apparatus shown in 
5 Fig.1, 

Fig. 3 shows a schematic block diagram of 
another embodiment according to the invention. 
Fig. 4 shows a display example presented by the 

embodiment shown in Fig. 3, 
10 Fig. 5 shows a schematic block diagram of 

another embodiment according to the invention, 
Fig. 6 shows diagrams for explaining the 

relationship between received echo signals and the 

brilliance of the corresponding displayed images, 
1 5 and 

Fig. 7 shows the sectional view of the construction 
of the antenna used in the embodiments shown in 
Figs. 1^.3 and 6. 

Detailed Description of the Preferred Embodiments 
20 Referring to Fig. 1 , an antenna 1 is rotated at a 
constant speed and radiates radio pulse signals of a 
frequency in the S-band frequency range 
successively in different azimuthal directions 
through 360 degrees, and receives echo signals of 
25 the S-band frequency rieflected by objects. The 

received echo signals are supplied to an analog-to- 
digital converter 2 which converts the echo signals 
in an analog form to digital signals, and supplies 
them to the signal input terminal of a memory unit 
30 3. A reference clock pulse generator 10 produces 
clock pulses with a predetermined repetition 
frequency and supplies the pulses to a transmission 
trigger pulse generator 4, and to one inputs of a 
distance counter 5 and a direction counter 6. The 
35 transmission trigger pulse generator 4 produces a 
transmission trigger pulse based on the clock pulses 
from the reference clock pulse generator 10, and 
supplies the trigger pulse to the antenna 1 and to the 
other input of the distance counter 5. The distance 
40 counter 5 starts in response to the trigger pulse to 
count the clock pulses from the reference clock 
pulse generator 10, and supplies its count value to 
one input of a coordinate converter 7, and is cleared 
to zero in count value every time its count reaches a 
45 count value corresponding to the detection range 
set. The direction counter 6 starts in response to a 
start signal supplied from the antenna 1 to count the 
clock pulses from the clock pulse generator 1 0, and 
supplies its count value to the other input of the 
50 coordinate converter 7, and is cleared to zero every 
time its count reaches a count value corresponding 
. to an angle of 360 degrees. The coordinate 
converter 7 produces X- and Y-address signals 
based on the output signals from the distance 
55 counter 5 and the direction counter 6, and supplies 
these signals to the memory unit 3 through an 
address switch 8. The coordinate converter 7 is 
constructed in a known manner and is operated in a 
known way. The memory unit 3 includes m xn 
60 semiconductor RAM (random access memory) 
elements arranged in m columns and n rows, with 
the number of RAM elements being the same as that 
of the picture elements of the screen of a cathode- 
, ray tube indicator 9 wherein the picture elements 



65 are also arranged in m columns and n rows. Each 
memory element of the memory unit 3 consists of, 
for example one bit. The memory unit 3 writes the 
output signal from the analog-to-digitai converter 2 
(hereinafter referred to as "A— D converter") into 

70 the storage location determined by X- and Y- 
address signals supplied from the coordinate 
converter 7: 

An antenna 11 is rotated at a constant speed and 
radiates radio pulse signals of a frequency in the 
7 5 X-band frequency range successively in different 
azimuthal directions through 360 degrees, and 
receives echo signals of the X-band frequency 
reflected by objects. The received echo signals are 
supplied to an analog-to-digital converter 12 which 
80 converts the echo signals in an analog form to 

digital signals, and supplies them to the signal input 
terminal of a memory unit 13. A reference clock 
pulse generator 10 produces clock pulses with a 
predetermined repetition frequency and supplies 
85 the pulses to a transnriission trigger pulse generator 
14, and to one inputs of a distance counter 15 and a 
direction counter 1 6. The transmission trigger pulse 
generator 14 produces a transmission trigger pulse 
based on the clock pulses from the reference clock 
90 pulse generator 10, and supplies the trigger pulse to 
the antenna 11 and to the other input of the distance 
counter 1 5. The distance counter 1 5 starts in 
response to the trigger pulse to count the clock 
pulses from the reference clock pulse generator 10, 
95 and supplies it count value to one input of a 

coordinate converter 17, and is cleared to zero in 
count value every time its count reaches a count 
value correspgnding to the detection range set. The 
direction counter 1 6 starts in response to a start 
1 00 signal supplied from the antenna 1 1 to count the 
clock pulses from the clock pulse generator 10, and 
supplies its count value to the other input of the 
coordinate converter 17, and is cleared to zero every 
time its count reaches a count value corresponding 
105 to an angle of 360 degrees. The coordinate 

converter 17 produces X- and Y-address signals 
based on the output signals from the distance 
counter 15 and the direction counter 16, and 
supplies these signals to the memory unit 13 
1 1 0 through an address switch 18. The construction and 
operation of the coordinate converter 17 is the same 
as the converter 7. The memory unit 13 includes 
m X n semiconductor RAM (random access memory) 
elements arranged In m columns and n rows, with 
1 1 5 the number of RAM elements being the same as that 
of the picture elements of the screen of a cathode- 
ray tube indicator 9. Each memory element of the 
memory unit 13 consists of, for example one bit The 
memory unit 1 3 writes the output signal from the 
1 20 analog-to-digitai converter 1 2 (hereinafter referred 
to as "A — D converter") into the storage location 
determined by X- and Y-address signals supplied 
from the coordinate converter 17. 
A clock pulse generator 21 supplies clock pulses 
125 to an X-axis counter 22, the address switch 8, the 
read/write terminal of the memory unit 3, the 
address switch 18 and the read/write terminal of the 
memory unit 13. The X-axis counter 22 repetitiously 
counts m clock pulses and transmits an output pulse 
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to a Y-axis counter 29 every time its count reaches 
m, and supplies its count to the memory unit 3 
through the address switch 8 and also to the 
memory unit 1 3 through the address switch 1 8, and 
5 further supplies horizontal synchronous signals to a 
deflection circuit 24. The Y-axis counter 23 
repetitiously counts n clock pulses, supplies its 
count to the memory unit 3 through the address 
switch 8 and also to the memory unit 1 3 through the 
1 0 address switch 1 8, and further supplies vertical 
signals to a deflection circuit 24. The memory unit 3 
reads a stored signal from the memory element 
determined by the count outputs from the X-axis 
and Y-axis counters 22 and 23. The address switch 8 
1 5 comprises an electric switching device, and supplies 
either the X- arid Y-address signals from the 
coordinate converter 7 or the counts from the X-axis' 
and Y-axis counters 22 and 23 depending on the 
polarity of the clock pulses from the clock pulse 
20 generator 21 . When the X- and Y-address signals 
from the coordinate converter 7 are supplied to the 
memory unit 3 and a write signal is applied to the 
read/write terminal of the memory unit 3 from the 
clock pulse generator 21, the output signal from the 
25 A — D converter 7 is written into a memory element 
determined by the X- and Y-address signals. On the 
other hand, when the count outputs from the X-axis 
and Y-axis counters 22 and 23 are supplied to the 
memory unit 3 through the address switch 8 and a 
30 read signal is applied to the read/write terminal of 
the memory unit 3, the stored signal is read out from 
the memory element determined by the count 
outputs from the X-axis and Y-axis counters 22 and 
23 and supplies to the red input terminal of the color 
35 indicator 9 through a digital-to-analog converter 25 
(hereinafter referred to as "D — converter"). The 
memory unit 1 3 reads a stored signal from the 
memory element determined by the count outputs 
from the X-axis and Y-axis counters 22 and 23. The 
40 address switch 18 is constructed in the same way as 
the address switch 8, and supplies either the X- and 
Y-address signals from the coordinate converter 17 
orthe counts from the X-axis and Y-axis counters 22 
and 23 depending on the polarity of the clock pulses 
45 from the clock pulse generator 21 . When the X- and 
Y-address signals from the coordinate converter 17 
are supplied to the memory unit 13 and a write 
signal is applied to the read/write terminal of the 
memory unit 13 from the clock pulse generator 21, 
50 the output signal from the A — D converter 12 is 
written into a memory element determined by the 
X- and Y-address signals. On the other hand, when 
the count outputs from the-axis and Y-axis counters 
22 and 23 are supplied to the memory unit 13 
55 through the address switch 18 and a read signal is 
applied to the read-write terminal of the memory 
unit 3, the stored signal is read out from the memor/ 
element determined by the count outputs from the 
X-axis and Y-axis counters 22 and 23 and supplied 
60 to the green inputterminal of the color indicator 9 
through a D — A converter 26. The red and green 
guns of electron beams of the color cathode-ray 
tube indicator 9 are respectively controlled by the 
output signals from the D — A converters 25 and 26. 
65 The electron beams of the indicator 9 are deflected 



horizontally in synchronism with the horizontal 
synchronous signals and also deflected vertically in 
synchronism with the vertical synchronous signals, 
so that the whole surface of the cathode-ray tube 
70 indicator 9 is swept. 

Referring to Fig. 2, Fig; 2(A) represents echo 
signals of the S-band carrier frequency caught by 
the antenna 1, and Rg, 2(B) represents echo signals 
of the X-band carrier frequency caught by the 
75 antenna 11. Here, I denotes an echo signal reflected, 
by an island, S represents an echo signal from a 
ship, and B denotes echo signals reflected by birds. 
As seen in Fig. 2, it has been discovered that the 
echo signals of the S-band carrier frequency 
80 reflected by birds are caught and produced by the 
antenna 1 for signals of the S-band carrier 
frequency, and the echo signals of the X-band 
carrier frequency reflected by the birds are hardly 
caught and produced by the antenna 1 1 for signals 
85 ofthe X-band carrierfrequency. The echo signals 
shown in Fig. 2(A) are supplied to the memory unit 3 
from the antenna 1 through the A — D converter 2 
and stored one-time in the memory 3. The echo 
signals shown in Fig. 2(B) are supplied to the 
90 memory unit 13 from the antenna 1.1 through the 
A — p converter 1 2 and stored one-time in the 
memory 13. The output signals of the memory unit 3 
are supplied to the red input terminal of the color 
indicator 9 through the CD — A converter 25, while the 
95 output signals of the memory unit 13 are supplied to 
the green inputterminal thereof through the D— A 
converter 26. As a result, the island I and ship S are 
indicated in yellow, a combination color of red and 
green. While, the echo signals representing birds 
1 00 are displayed in red. Thus, the bird or birds are 
displayed conspicuously as clearly distinguished 
from the other objects. 

Referring to Fig. 3, an antenna 31 is rotated at a 
• constant speed and radiates radio pulse signals of a 
1 05 frequency in the S-band frequency range 

successively in different azimutha I directions 
through 360 degrees, and receives echo signals of 
the S-band frequency reflected by objects. The 
. received echo signals are supplied to an analog-to- 
110 digital converter 32 vvhich converts the echo signals 
in an analog form to digital signals, and supplies 
them to the signal input terminal of a memory unit 
33. A reference clock pulse generator 40 produces 
clock pulses with a predetermined repetition 

1 1 5 frequency and supplies the pulses to a transmission 

trigger pulse generator 34, and to one inputs of a 
distance counter 35 and a direction counter 36. The 
transmission trigger pulse generator 34 produces a 
. transmission trigger pulse based on the clock pulses 
1 20 from the reference clock pulse generator 40, and 
supplies the trigger pulse to the antenna 31 and to 
the other input of the distance counter 35. The 
distance counter 35 starts in response to the trigger 
pulse to count the clock pulses from the reference 

1 2 5 clock pulse generator 40, and supplies its count 

value to one input of a coordinate converter 37 and 
is cleared to zero in count value every tinie its count 
reaches a count value corresponding to the 
detection range set The direction counter 36 starts 
1 30 in response to a start signal supplied from the 
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antenna 31 to count the dock pulses from the clock 
pulse generator 40, and supplies its count value to 
the other input of the coordinate converter 37, and is 
cleared to zero every time its count reaches a count 
value corresponding to an angle of 360 degrees. The 70 
coordinate converter 37 produces X- and Y-address 
signals based on the output signals from the 
distance counter 35 and the direction counter 36, 
and supplies these signals to the memory unit 3 
through an address switch 38. The coordinate 75 
converter 37 is constructed and operated in the 
same manner as the converters 7 and 17. The 
memory unit 33 includes mxn semiconductor RAM 
(random access memory) elements arranged in m 
columns and n rovys, with the number of RAM 80 
elements being the same as that of the picture 
elements of the screen of a cathode-ray tube 
indicator 39 wherein the picture elements are also 
arranged in m columns and n rows. Each memory 
element of the memory unit 33 consists of, for 85 
example one bit. The memory unit 33 writes the 
output signal from the analog-to-digital converter 32 
(hereinafter referred to as "A— D converter") into 
the storage location determined by X- and Y- 
address signals supplied from the coordinate 90 
converter 37. 

The output signals of the memory unit 33 are 
supplied to the input terminal of a digital-to-analog 
converter 51 , and also to the signal input terminal of 
a memory unit 53 through a delay circuit 54 and an 95 
OR gate 55. The output signals of the memory unit 
53 are supplied to the input terminal of the digital- 
to-analog converter 51 (hereinafter referred to as 
"D— A^nverter"), and also to the signal input 
terminal of the memory unit 53 through a delay 1 GO 

circuit 56 and the OR gate 55. As the antenna 31 
continues to rotate, the resultant echo signals 
reflected by a bird or a group of birds based on the 
search signals radiated during a plurality of 
rotations of the antenna 31 will be successively 1 05 

written into the memory unit 53. 

A clock pulse generator 41 supplies clock pulses 
to an X-axis counter 42, the address switch 38, the 
read/write terminal of the memory unit 33, and the 
read/write terminal of the memory unit 53. The 1 1 0 

X-axis counter 42 repetitiously counts m clock 
pulses and transmits an output pulse to a Y-axis 
counter 43 every time its count reaches m, and 
supplies its count to the memory unit 33 through the 
address switch 38 and also to the memory u nit 53, 115 
and further supplies horizontal synchronous signals 
to a deflection circuit 44. The Y-axis counter 43 
repetitiously counts n clock pulses, supplies its 
count to the memory unit 33 through the address 
switch 38 and also to the memory unit 53, and \ 20 

further supplies vertical signals to the deflection 
circuit 44. The memory units 33 and 53 separately 
read stored signals from the memory elements 
determined by the count outputs from the X-axis 
and Y-axis counters 42 and 43. The address switch 1 2 5 
38 comprises an electric switching device, and 
supplies either the X- and Y-address signals from 
the coordinate converter 37 or the counts from the 
X-axis and Y-axis counters 42 and 43 depending on 
55 the polarity of the clock pulses from the clock pulse l 30 
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generator 41 . When the X- and Y-address signals 
from the coordinate converter 37 are supplied to the 
memory unit 33 and a write signal is applied to the 
read/write terminal of the memory unit 33 from the 
clock pulse generator 41 , the output signal from the 
A — D converter 32 is written into a memory element 
determined by the X- and Y-address signals. On the 
other hand, when the count outputs from the X-axis 
and Y-axis counters 42 and 43 are supplied to the 
memory unit 33 through the address switch 38 and a 
read signal is applied to the read/write terminal of 
the memory unit 33, the stored signal is read out 
from the memory element determined by the count 
outputs from the X-axis and Y-axis counters 42 and 
43 and applied to the input of the D^A converters!, 
and also supplied to the input of the memory unit 53 
through the delay circuit 54 and the OR gate 53. 

The output signals read out from the memory unit 
53 are supplied to the input of the D — A converter 
51, and also to the delay circuit 56 in which the 
signals are delayed. When a write signal is applied 
to the read/write terminal of the memory unit 53, the 
output signal of the delay circuit 56 is written into a 
memory element of the memory 53 determined by 
the count outputs from the X-axis and Y-axis 
counters, and thus written into the same memory 
element from which the same signal is read out. As 
a result, the antenna 31 continues to rotate, the 
resultant echo signals reflected by a bird or a group 
of birds based on the search signals radiated during 
a plurality of rotations of the antenna 31 will be 
successively written into the memory unit 53. 

The output signal of the D— A converter 51 is 
supplied to the brilliance control input terminal of 
the cathode-ray tube indicator 39. The electron 
beam of the indicator 39 is deflected horizontally in 
synchronism with the horizontal synchronous 
signals and also deflected vertically in synchronism 
with the vertical synchronous signals, so that the 
whole surface of the cathode-ray tube indicator 39 is 
swept. The output signals of the memory units 33 
and 53 are indicated on the screen of the indicator 
39 as shown in Fig. 4 wherein 1 represents an island, 
S denotes the track of a ship, and B represents the 
track of a bird or a group of birds. As apparent, the 
track of a bird or birds can be clearly distinguished 
from the track of a ship, since the width of the track 
of birds is narrower than that of the track of a ship. 

Referring to Fig. 5, an antenna 70 is' rotated at a 
constant speed and radiates radio pulse signals of a 
frequency in the S-band frequency range 
successively in different azimuthal directions 
through 360 degrees, and receives echo signals of 
the frequency reflected by objects. The received 
echo signals are supplied to an A — D converter 71 
which converts the echo signals in an analog form 
into digital signals and supplies the resultant signals 
to a signal input of a memory unit 72. A coordinate 
converter 73 produces X- and Y-address signals 
based on the range signals and the angle signals 
supplied from the antenna unit, and supplies the 
address signals to another input of the memory unit 
72. The memory unit 72 includes mxn 
semiconductor RAM elements arranged in m 
columns and n rows, with the number of RAM 
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ef ements being the same as that of the picture 
elements of the screen of a cathode-ray tube 
indicator 74. Each memory element of the memory 
unit 72 consists of, for example three bits. The 
5 memory unit 72, controlled by a control unit 75, 
transfers the output signal of the A — D converter 71 
to an input terminal of a converter memory unit 76, 
reads a stored signal from a rnemory element 
determined by the X- and Y-address signals 

1 0 supplied from the coordinate converter 73, supplies 
it to the converter 76, and writes the output signal of 
the converter memory unit 76 into the same 
memory element represented by the X- and Y- 
address signals, and reads out a stored signal 

1 5 therefrom to be supplied to a digital-to-analog 
converter 77. The converter, memory unit 76 
comprises semiconductor ROM (read only memory) 
elements which has stored the following conversion 
table therein. 





Previously Received and 
Stored Echo Signal 




0 


1 


2 


3 


4 


5 


6 


7 




0 


0 


0 


0 


0 


0 


0 


0 


0 




.1 


1 


1 


1 


1 


1 


1 


1 


1 




2 


1 


2 


2 


2 


2 


2 


2 


2 




3 


2 


2 


3 


3 


3 


3 


3 


3 




4 


2 


3 


3 


4 


4 


4 


4 


4 




5 


3 


3 


4 


4 


5 


5 


5 


5 




6 


3 


4 


4 


5 


5 


6 


6 


6 




7 


4 


4 


5 


5 


6 


6 


7 


7 



The converter memory unit 76 receives a newly 
caught echo signal from the A — D converter 71 and 
a stored signal read out from the memory unit 72, 
produces an output signal based on these two 

25 signals in accordance with the conversion table, and 
supplies the resultant output signal to another input 
terminal of the memory unit 72, controlled by the 
control unit 75. The output signal from the unit 76 is 
written into the same memory element determined 

30 by the X- and Y-address signals from the coordinate 
converter 73. 

Referring to Fig. 6(A), each of the numerals "0", 
"4" and "4" in each one of blocks 81a, 82a and 83a 
represents the amplitude of the received echo signal 

35 supplied to the memory unit 72 from the D — A 

converter 71 and stored in three memory elements 
of the unit 72. While, each of the numerals "0", "4" 
and "2" in each one of blocks 91a, 92a and 93a 
represents the brilliance degree of the 

40 corresponding one of picture elements in the screen 
of the indicator 74. It is first assumed that the echo 
signals stored in three memory elements of the 



memory unit 72 have been "0", "0" and "0" 
respectively. When a first series of the echo signals 

45 represented as "0", "7" and "4" supplied to the 
converter memory unit 76 from the A — D converter 
71 through the memory unit 72, the echo signals 
represented as "0", "7" and "4" are respectively 
compared with the signals represented as "0", "0" 

50 and "0" read out f rorn the memory unit 72 and 
supplied to the converter memory unit 76, thereby 
producing the signals, in accordance with the 
conversion table, respectively represented as "0", 
"4" and "2" respectively shown in the blocks 91a, 92 

55 and 93a. Here, the echo signal reflected by a bird is 
represented as "7", and the echo signal reflected by 
waves of the water is represented as "4". Hence, the 
echo signal from the bird is indicated at a brilliance 
level "4", and the echo signal from the waves of the 

60 water is displayed at a brilliance level "2". The 
resultant signals represented as "0", "4" and "2" 
are also istored in the same three memory elements. 
Then, when the antenna rotates one more time, a 
second series of the echo signals reflected by the 

55 bird and the water waves represented as "0", "7" 
and "0" as shown in Fig. 6(B) are received and 
supplied to the converter memory unit 76 through 
the memory unit 72, with the signal level "7" 
representing the echo signal from the bird and the 

70 echo signal level "0" representing the echo signals 
from the water waves. In the same manner as 
above, the signals represented as "0", "4" and "2" 
stored in the three memory elements are read put 
and supplied to the converter memory unit 76, and 

75 are compared with the newly received echo signals 
represented as "0", "7" and "0" in accordance with 
the conversion table. As a result, the signals 
represented as "0", "6" and "0" are produced by the 
converter memory unit 76 and transmitted to the 

80 indicator 74, and at the same time are stored in the 
same three memory elements in the memory unit 72 
• respectively. The bird is displayed at a brilliance 
level "6", and the water waves are indicated at a 
level "0". Thus, the bird is displayed conspicuously 

85 with respect to the sea clutter, as the bird is 

. emphasized and the echo signals reflected by the 
water waves disappear. This is because the echo 
signal from the bird is received every rotation of the 
antenna, while the echo signals from the water 

90 waves are intermittently received as well known. 
The control unit 75 comprises, for example, a 
clock pulse generator and frequency dividers. A 
read X- and Y-address signals generator 78 may 
comprise a X-axis and a Y-axis counters, and 

95 produces X- and Y-address signals based on the 
signals from the control unit 75. The control unit 75 
also supplies horizontal and vertical synchronous 
signals to a deflection circuit 79. The deflection 
circuit 79 deflects the electron beam of the indicator 
1 00 74 horizontally and vertically based on the 

horizontal and vertical signals, so that the whole 
indicating surface of the indicator 74 is swept. The 
signals stored in the memory unit 72 and read out 
therefrom are supplied to the brilliance control 
105 terminal of the indicator 74, and displayed as 

emphasized on the screen thereof. The bird or birds 
are easily perceived on the screen to locate them so 
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that a fish school under the bird is detected. The 
following conversion table can also be incorporated 
in the converter memory unit 76. When this 
conversion table is used, the bird image is still more 
5 emphasized with respect to the sea clutter. 





Previously Received and 
Stored Echo Signal 
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0 
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1 
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1 
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2 


2 


2 
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3 


3 


3 


3 
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4 


4 


4 


4 


4 
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5 


5 


5 


5 




6 
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6 


6 


6 
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2 


3 


4 


5 


6 


7 


7 



Referring to Fig. 7, the antenna comprises a slot 
waveguide 60 as the wave source, a horn 61 made 
of metal material, and a protruded cover 62 made of 
1 0 dielectric such as, for example, glass fiber 

reinforced plastic. The slot waveguide 60 has slots 
formed in one shorter side of the rectangular 
waveguide. The slots function as radiating 
elements. The slot waveguide 60 is mounted on the 
1 5 base part 61a of the horn 61. The horn 61 operates 
so as to direct the waves radiated from the slot 
waveguide 60 in one direction. The dielectric cover 
82 is attached to the opening of the horn 61 in a way 
to cover the opening, and functions to further 
20 concentrate the electromagnetic waves which has 
been directed by the horn 61 . The dielectric cover 62 
comprises an inner curved dielectric sheet 62i and 
an outer curved dielectric sheet 62o. The inner and 
outer dielectric sheets are spaved at some distance 
25 intervals therebetween along the whole length of 
the curved sheet. The inner and outer curved 
dielectric sheets are formed in such a way that both 
end parts thereof are shaped as arcs 62a the mid 
point of which being at the waveguide 60, and the 
30 middle portion thereof is protruded, and the top 
portion of the protruded dielectric cover is rounded 
as shown. Both end portions of the outer dielectric 
sheet are straightened and fixed to the end portions 
of the metal horn through the end portions of the 
35 inner dielectric sheet 62i. Air is filled between the 
inner and outer dielectric sheets. It should be noted 
that foam urethane can also be filled therebetween 
in place of air. A grid 63 functions to suppress 
orthogonal polarized electromagnetic radiation. It 
40 should also be noted that although the end portions 
of the cover 62 are shaped in a form of arcs in the 
foregoing embodiment, straightened sheet of 



dielectric can also be used in these parts in place of 
the arc shaped ones. 

45 This construction of the antenna presents 

improved vertical directional characteristics without 
extending the length of the protruded part 
represented as "L". 
While the invention has been described in detail 

50 and with reference to specific embodiments thereof^ 
it will be apparent to one skilled in the art that 
various changes and modifications can be made 
therein without departing from the spirit and scope 
of the invention. 

55 CLAIMS 

1 . A fish school detecting method, comprising: 

(i) radiating search signals with their carrier 
frequency being in the S-band frequency range from 
an antenna, successively in different azimuthal 

60 directions within a wide angular range, 

(ii) receiving an echo signal reflected by a bird, 

(iii) processing echo signals received during a 
plurality otrotations of the antenna so that the echo 
signals reflected by the bird are emphasized, and 

65 (iv) displaying the resultant processed signals on 
the screen of an indicator, thereby locating and 
detecting a fish school under the bird. 

2. A fish school detecting method as defined in 
claim 1 wherein the step of processing the echo 

70 signals comprises storing the echo signals received 
during a plurality of rotations of the antenna 
successively in a memory unit. 

3. A fish school detecting method as defined in 
claim 1 wherein the step of processing the echo 

75 signals comprises comparing a newly received echo 
signal and the corresponding signal which was 
received during the previous rotation of the antenna 
and was stored in the memory unit, to produce a 
signal in accordance with a predetermined 

go relationship between the newly received echo signal 
and the corresponding stored signal, 

4. A fish school detecting method, comprising: 

(i) radiating search signals with their carrier 
frequency being in the X-band frequency range, 

85 successively in different azimuthal directions within 
a wide angular range, 

(ii) radiating search signals with their carrier 
frequency being in the S-band frequency range, 
successively in different azimuthal directions within 

90 a wide angular range, 

(iii) receiving echo signals with the X-band carrier 
frequency reflected by objects, 

(iv) receiving echo signals with the S-band carrier 
frequency reflected by the objects, 

95 (v) producing first write address signals based on 
the direction and range of the received echo signals 
of the X-band carrier frequency, 

(vi) producing second write address signals based 
on the direction and range of the received echo 

1 00 signals of the S-band carrier frequency, 

(vii) storing the received echo signals of the 
X-band carrier frequency controlled by the first write 
address signals, 

(viii) storing the received echo signals of the 

1 05 S-band carrier frequency controlled by the second 
write address signals. 



(ix) reading the stored signals of the X- and 
S-band frequency, 

(x) displaying the echo signals in different colors 60 
based on the read-out signals of the X-band and/or 

5 the S-band frequency, thereby locating the bird and 
detecting a fish school under the bird. 

5. A fish school detecting method, comprising: 

(i) radiating search signals with their carrier 55 
frequency being in the S-band frequency range, 

10 successively in different azimuthal directions within 
a wide angular range, 

(ii) receiving an echo signal reflected by a bird, 

and 70 

(iii) displaying the received echo signal on the 
1 5 screen of an indicator, thereby locating and 

detecting a fish school under the bird. 

6. A fish school detecting apparatus, comprising : 

(i) transmitting means for radiating search signals 75 
with their carrier frequency being in the S-band 

20 frequency range from an antenna, successively in 
different azimuthal directions within a wide angular 
range, 

(ii) receiving means for receiving an echo signal 80 
reflected by a bird, 

25 (iii) processing means for processing echo signals 
received during a plurality of rotations of the 
antenna so that the echo signals reflected by the 
bird are emphasized, and 85 
(Iv) an indicator for displaying the resultant 

30 processed signals on the screen thereof, thereby 
locating the bird and detecting a fish school under 
the bird. 

7. A fish school detecting apparatus as defined in 90 
claim 6 wherein the processing means comprises 

35 storing means for storing the echo signals received 
during a plurality of rotations of the antenna. 

8. A fish school detecting apparatus as defined in 
claim 6 wherein the processing means comprises 95 
signal producing means for comparing a newly 

40 received echo signal and the corresponding signal 
which was received during the previous rotation of 
the antenna and was stored in storing means, to 
produce a signal in accordance with a 1 00 

predetermined relationship between the newly 

45 received echo signal and the corresponding stored 
signal. 

9. A fish school detecting apparatus, comprising: 

(i) first transmitting and receiving means for 105 
radiating search signals with their carrier frequency 

50 being in the X-band frequency range, successively 
in different azimuthal directions within a wide 
angular range, and for receiving echo. signals 
reflected by objects, 1 1 0 

(ii) second transmitting and receiving means for 
55 radiating search signals with their carrier frequency 

being in the S-band frequency range, successively 
in different azimuthal directions within the wide 



angular range, and for receiving echo signals 
reflected by the objects, 

(iii) first storage means for storing the echo 
signals received by said first transmitting and 
receiving means, 

(iv) second storage means for storing the echo 
signals received by said second transmitting and 
receiving means, 

(v) first coordinate converting means for 
producing output signals based on the direction and 
range of the echo signals received by said first 
transmitting and receiving means, 

(vi) second coordinate converting means for 
producing output signals based on the direction and 
range of the echo signals received by said second 
transmitting and receiving means, 

(vii) first writing means for writing output signals 
from said first receiving means into said first 
storage means controlled by the output signals from 
said first coordinate converting means, 

(viii) second writing means for writing output 
signals from said second receiving means into said 
second storage means controlled by the output 
signals from said second coordinate converting 
means, 

<ix) reading means for reading out stored signals 
from said first and second storage means, 

(x) a color indicator having first and second input 
terminals which are respectively supplied with the 
output signals from said first and second storage 
means, for displaying the echo signals on the screen 
thereof in different colors based on the output 
signals from said first and/or second storage means, 
thereby locating the bird and detecting a fish school 
under the bird. 

10. A fish school detecting apparatus, comprising: 

(i) transmitting means for radiating search signals 
with their carrier frequency being in the S-band 
frequency range^ successively in different azimuthal 
directions within a wide angular range, 

(ii) receiving means for receiving an echo signal 
reflected by a bird, and 

(iii) an indicator for displaying the received echo 
signal on the screen thereof so that the bird is 
located and a fish school under the bird is detected. 

1 1 . A fish school detecting apparatus as defined in 
claims 6, 9 and 10 wherein the antenna comprises: 

(i) a horn made of metal material, 

(ii) a slot waveguide mounted on the base part of 
said horn, and 

(iii) a protruded cover made of dielectric material, 
which is fixedly attached to the opening of said 
horn. 

12. A fish school detecting apparatus substantially 
as hereinbefore described with reference to and as 
illustrated in Figures 1 , 3, 5 and 7 of the 
accompanying drawings. 
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